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( )
()
: x,y ER', x <y
xi Syi(Vi); 1 xl= [l xil, s lx,1], R=/[0+ 0,8 S CR"
1
»= A(t)x+ §(t.x) (1 20), (1)
x ER,A(1) € C(R,R”"),f(t,x) € C(R,R"),0< €<1 . (1)
( ) * x(t, to, Xo)
(1) x(l(), to, xo) = Xo ° (1)
T = [to, to+ T;
Sa= {x ER: I xl< a};
Se(1) = {x ER: I xlI< B(z)},
> 0 + 00 a= [a, - ) > 0 CB(t) = [Bi(t), - Bu(t)]" 20
a< B(to)e
( x(t)=10)
(1) :
xo € Sa x(t,t0,x0) € Se(t)(t € T), (1
{Sa, Se(t), T, t(} .
Dg(t). D" g(t) g(t) Dini
1( ) M(t) = [My(t)]xn mi(t) 20(i Zj);p, gn € C([a,
b, R )(0<a< b ),

1) D p(t) SM(t)p(t)+ n(t),t € (a, b];

2) D q(t)> M(t)g(t)+ n(t),t € (a, bj;

3) p(a) < gqa),
p(t)< q(t),t €[a, b]

, 3) i:1<i<n t/E(a,

b]. [a.f]  p(t) <q(t).pi({)= qi(i)* D™ pi(i) 2D q(l)*

: 1).2) M(t)

D™ pi(f) SMi(d )p(t )+ n(t') <Mi(i)q(i)+ ni(t)< D q(t),

M;(t) M(t) i . ! 1

2 ) p €C([a,b],R") Dp(t) S0,¢t €

(a,b]*
, p(t) pi(t)

Dpi(t) <Ot € (a, b))
(1) h € C(R,,R})
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| f(t,x) | Sh(t),(t,x) €T x Sp(t),

A(t) = [ag(t)]  h(t)= [hi(t), - ha(t)]",

A(1) = [aj(t)], A = supA(1), k= suph(1),
aj(t) = Gaj(t)+ (1- &)1 az(t) 1, §  Kronecker

1,2 ()
21

(2)

1 : (1) {sa, Se(1), T, u}

A(t)B(t)+ an(t) < Bfe) (t €T)e

x0€S« n €T 1<k<n, x(t, t0,x0) € S(1)

(t € [to,t1)) | xi(tr, to, x0) |= Bi(er)e

, y= [01(t), mvn(t)] vi(t) = | xi(t, to, xo0) | * (1)
D™ wi(t) = an(t) | xil+ | Dai(t)x+ €i(t, x)] smri(i - 0) <

J#i

_;aij(t)vi(t)+ ehi(t), t € (to, 11]°

D™ v(t) SA(t)v(t)+ &@(1),t € (10, 11]*

vit) Sa< Blig)e
1 v(t) < B(e)(t € [0, 11]),
Bi(t1), . 1 .

1 (1) , 1
AB(1)+ e < Byy) (1€ T)e
, A(t)B(t)+ €h(t) S AB(t)+ &
2 B(r)=B>0 :
A(t)B+ en(t)< 0 AB+ eh< 0 (1t €T)

| xk(t1, to, x0) 1= vk(t1) <

< B(t) (t €7T)

2 .
2 , (1) {Sa, Se(t), T, t(}
I;[A(S)B(s)+ G(s)]ds< B(t)- a (t€T)e
1 , , x0€S« n €T 1<k<n,
x(t,to, x0) € Se(t)(t € [to,t1)) | xi(tr, to, x0) = Bi(t1)e

1

D{V(t)— [racsipcs s m(s)]ds} I
2

(t(), ll]).
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v(t) Sv(to) + J:l[A(s) B(s)+ eh(s)]ds <

a+ Ijl[A(s)B(s)+ eh(s)]ds< B(t))e
! 2

3 B(t)=B>0 , 2
A B+ e’ < B- a,

L
A = [aj], a; = %PJ;Odii(s)ds,ag = ITay(s)ds,L Zj;h = jTh(s)ds'

J.I[A(s)13+ eh(s)]ds S A" B+ en” (t €7)

22
(1 ( ) :
»= A(t)x (¢t 20)* (3)
(1 . 1 1,3 :
1 , (3) {Sa, Se(t), T, t(}
1) A(t)B(1) < B1) (t €7T);
2) AB(1) < Bft) (t€7T);
3) A" B< B- a-
T= [to, to+ T]°*

(3) (1)
2 (3) 1 {sa, Se(t), T, u} ., 3€(7y>
0, €€(0,€(T)) (1) , 1 1)~ 3)
. VR B()- A(1)B(1)]
€(T) = mip K (0 h( 1) };
"
() = mip h/&‘z)}l;hAB(z)l .
(T = h /(1;*%4"*)13- aj,
(3) 1 1), T
0< €(T)< + oo (T T T - €€(0,€(T)

A(t)B(t)+ ei(t) < A(t)B(t)+ €(Th(t) <Bft)
t €T , 1 (1) Sa, S8(t), T, to
(A

4 [ 9] Lyapunov

3 P> 0 AB< 0, ( -A M_ 1Yy
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ain aii
(- )in= (- 1) >0 (i=1, n)
@il Qi
(3)
5 )
4.
[11]
23
»= f(r.x) (120 (4)
F(t)= (0/0x)f(t,0) f(t,x) x= 0 Jacobi ,g(t,x)= f(t,x)- F(t)x*
, (4) Sa, Se(t), T, to :
1) F(t)B(t) < 1) (t €7T);
2) | g(t,x) 1< Bt)— F(t)B(t) ((t,x) €T x Sp(t))*
) (1) {Sa, Se(t)T, t(} , 2)
3
1
r=- 2w+ ¢(1+ t)_l(cost)x2+ t(cost)x3+ §1(t, x),

or= 0.2(1+ t) '(sint)xi— xa+ 0.2(sint)xs+ oL, x),
= (1+ 1) '(cost)x1+ 0.5(cost)x2— 3x3+ &3(t, x),
0< €< 0.5fi(t, x) . T=[22+ T),T> 0
Sq = {x ER: 1 xi1< 0.6 | x21< 0.15 | x31< 0.2},
Se(t) = {x ER: I wil< 201+ ¢)" T aal< (14 )71 Tasl< 2(1+ z)*%-

(2) R(t)= [2(1+ 1) ' 0401+ )% (1+ ¢2) Y%

1,
-2 t(1+ ¢) "1 cost | t | cost |
A(t)= [0.2(1+ ¢) " sint | -1 0.21 sinz |,
(1+ )" cost | 0.51 cost | -3

a=/0.60.1502", Bt)= 21+ ¢) " (1+ ¢2) 201+ ¢) 7"

A(t)B(t)+ eh(t) < Bfe) (1t €T)e
1 , . . B(t)T0(t T+ o Sa
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B .

2
¥ =- (1+ 0.5in¢ )x1+ 0.3(cost )x2,
2= 0.8(cost)x1— (1- 0.5cost)x2*

[— 0.5 0. 35]
A= ,
0.8 - 0.

(- 1)Aa=05>0(-1)>xn= 001> 0

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]
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Technical Stability of Nonlinear Time Varying
Systems With Small Parameters

CHU Tian_guang', WANG Zhao lin’
(1. Department of Mechanics and Engineering Science, Peking
University, Beijing 100871, P R China;
2 Department of Engineering Mechanics , Tsinghua University, Beijing 100084, P R China)

Abstract: Technical stability allowing quantitative estimation of trajedory behavior of a dynamica
system over a given time interval was considered. Based on a differential comparison principle and a
basic monotonicity condition, technical stability relative to certain presaribed state constraint sets of a
class of nonlinear time_varying systems with small parameters was analyzed by means of vecdor Lia-
punov function method. Explicit ariteria of te chnical stability are established in terms of coefficients of
the system under consideraion. Conditions under which the technical stability of the system can be
derived from its reduced linear time varying (LTV) system were further examined, as well as a condi-
tion for linearization approach to technical stability of general nonlinear systems. Also, a simple alge-
braic condition of exponential asymptotic stability of LTV systems is presented. Two illustrative exam-
ples are given to demonstrate the availability of the presently proposed method.

Key words: nonlinear time_varying system; small parameter; technical stability; vector comparison
principle; reduced system; linearization technique; exponential asymptotic stability



